Thus, the synthesis of 3-aryl-1-indanone and its derivatives by efficient methods has attracted considerable attention. [3] [4] [5] The construction of the 3-aryl-1-indanone skeleton generally uses one or other of the following methods: (a) tandem Friedel-Crafts acylation and Nazarov cyclisation of arenes with α,β-unsaturated acyl chlorides in the presence of AlCl 3 (Scheme 1a); 6-8 (b) rhodium-catalysed hydroacylation of 2-vinyl benzaldehyde systems (Scheme 1b); 9,10 (c) zeolitecatalysed cyclisation of arylvinylketones (Scheme 1c A series of 17 3-aryl-1-indanones, four of which are novel, were prepared in good yield via a CsF-promoted reductive cross-coupling of the monotosylhydrazone of a 1,3-indanedione with an arylboronic acid. The method demonstrates wide substrate scope and good functional group tolerance. Moreover, the 3-aryl-1-indanones could also be prepared on a multi-gram scale.
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facile metal-free alkylation of aryl aldehyde tosylhydrazones with trialkylboranes. 25, 26 In 2009, Barluenga et al. developed a metal-free coupling reaction between N-tosylhydrazones and boronic acids. 27 Subsequently, coupling reactions of various sulfonylhydrazones with arylboronic acids were studied and applied in organic synthesis. For example, (a) the parallel synthesis of drug-like and drug fragment-like molecules by Barluenga coupling; 28 (b) stereoselective Csp 3 -Csp 2 bondforming reactions by metal-free reductive coupling of cyclic tosylhydrazones with boronic acids; 29 (c) metal-free coupling of saturated heterocyclic sulfonylhydrazones with boronic acids; 30 (d) olefination of carbonyl compounds via reductive coupling of alkenylboronic acids and tosylhydrazones. 31 Here, based on our previous work, [32] [33] [34] [35] [36] [37] [38] we describe an efficient synthesis of 3-arylindanones via a CsF-promoted coupling reaction of 1,3-indanedione monotosylhydrazones with arylboronic acids.
Results and discussion
Using a similar method to that described earlier by us, 32 we planned to investigate the base-catalysed reductive coupling of monotosylhydrazones of 1,3-indanediones with arylboronic acids (Scheme 2).
Initially, in order to optimise the process, we investigated the model reaction between the monotosylhydrazone of 1,3-indanedione (1a; R 2 = H) and phenylboronic acid (2a; R 1 = Ph) in the presence of K 2 CO 3 in 1,4-dioxane in argon at 110 °C. The results are presented in Table 1 . Gratifyingly, the desired product (3a) was isolated in 88% yield (entry 1). Encouraged by this initial result, a solvent screen was performed using 1,4-dioxane, toluene and THF (entries 1-3). 1,4-Dioxane proved to be the optimal solvent (entry 1). The base plays a crucial role in this type of reaction to promote the formation of the diazomethane intermediate. Cs 2 CO 3 and NaOH gave lower yields (entries 4 and 5); Et 3 N was ineffective (entry 6); K 3 PO 4 and Na 2 CO 3 afforded the desired product in 77 and 78% yields, respectively (entries 7 and 8). When the amount of phenylboronic acid was reduced to 1.2 equiv. or the reaction temperature was lowered to 80 °C, the yield of product decreased significantly (entries 9, 10). We then attempted to accelerate the coupling reaction using fluoride anion to facilitate the cleavage of the C-B bond. [39] [40] [41] It was gratifying that the yield increased dramatically to 93% when 0.5 equiv. of CsF was added in 1,4-dioxane in the presence of K 2 CO 3 (entry 11). Additionally, when Na 2 CO 3 was used as base using the standard reaction conditions, the yield increased to 97% (entry 12). It was confirmed that under an air atmosphere a lower yield was produced (entry 13). Finally, the optimised reaction conditions were established as follows: tosylhydrazone (0.3 mmol), arylboronic acid (0.45 mmol), Na 2 CO 3 (0.45 mmol), CsF (0.15 mmol), 1,4-dioxane (4 mL), 110 °C for 5 h under an argon atmosphere.
After optimising the reaction conditions, we investigated the substrate scope for this coupling reaction. As shown in Table 2 , the para-substituted arylboronic acid substrates bearing either electron-withdrawing or electron-donating groups afforded the desired products 3b-f in good to excellent yields. Substrates with active groups such as -CN, -COOEt and -vinyl also produced good yields of products 3g-i. Next, the coupling reactions of meta-substituted and multi-substituted arylboronic acids were investigated. The electronic properties of the substrates showed no significant influence on the coupling reaction, affording the coupled products 3k-m in 81-91% yields. To further ascertain the applicable scope of the methodology, naphthalen-2-ylboronic acid and thiophen-3-ylboronic acid were employed as coupling partners to obtain the desired products 3m and 3n in 85 and 81% yields, respectively. In addition, the coupling reaction of butylboronic acid also provided coupling product 3o in 42% yield. Furthermore, the cross-coupling reaction of 5,6-dichloro-1H-indene-1,3(2H)-dione monotosylhydrazone also provided the desired products 3p and 3q in good yields. Usefully, the reductive cross-coupling of N-tosylhydrazones 1a (4 mmol) with phenylboronic acids (6 mmol) could be scaled up to gram-scale, affording the desired product 3a in 87% yield (entry 17).
Experimental
NMR spectra were obtained on a Bruker DPX-400 spectrometer ( 1 H NMR at 400 Hz, 13 C NMR at 100 Hz) in CDCl 3 using TMS as internal reference. Chemical shifts (δ) are given in parts per million (ppm) and coupling constants (J) are given in Hz. EI-mass spectra were measured on an LC/Q-TOF MS (Micromass, England). All products were isolated by short chromatography on a silica gel (200-300 mesh) column using petroleum ether (60-90 °C). Unless otherwise noted, 1,3-indanedione and its derivatives, arylboronic acids, and bases and solvents of analytical grade quality were purchased from Adamas-beta Pharmaceuticals, Inc.
CsF-promoted coupling reaction of 1,3-indanedione monotosylhydrazones and arylboronic acids; general procedure
A Schlenk tube (20 mL) was charged with a 1,3-indanedione monotosylhydrazone (1) (0.5 mmol), an arylboronic acid (2) (0.75 mmol), K 2 CO 3 (0.75 mmol) and CsF (0.25 mmol). The tube was degassed for 30 s and then filled with argon. This operation was repeated three times. After 1,4-dioxane (5 mL) was added under an argon atmosphere, the resulting reaction mixture was stirred at 110 °C for 5 h. After the completion of the reaction, the reaction mixture was allowed to cool to room temperature. Ethyl acetate (5 mL) and a saturated solution of NaCl (5 mL) were added and the layers were separated. The aqueous phase was extracted three times with ethyl acetate (3 × 5 mL). The organic layer was then dried over anhydrous MgSO 4 and filtered and the solvent was removed under reduced pressure. The crude mixture was purified by chromatography on silica gel to yield the desired products. (td, J = 7.5, 1.3 Hz, 1H), 7.43 (t, J = 7.5 Hz, 1H), 7.25 (dd, J = 7.8, 0.7 Hz, 1H), 7.15- 7.03 (m, 2H), 7.05-6.93 (m, 2H), 4.57 (dd, J = 8.1, 3 39 (m, 3H) , 7.28 (dd, J = 7.7, 1.0 Hz, 1H), 7.14 (dd, J = 8.5, 1.8 Hz, 1H), 4.74 (dd, J = 8.1, 3.9 Hz, 1H), 3.30 (dd, J = 19.3, 8.1 Hz, 1H) 
